Abstract
Introduction
Making a decision means choosing among the possible alternatives or courses of action to solve a problem which one satisfies the proposed objectives according to a certain preference order. The objectives indicate the desirable values that the parameters or criteria of the context of the problem should reach. DM methods evaluate alternatives with respect to objectives, i.e. they analyze outcomes of each alternative or decision evaluating whether the values of the criteria satisfy the objectives and assigning the corresponding score to each alternative. The best ranked alternative should be the optimal decision to be made.
There are different contexts where DM can be applied. Typical financial problems like choosing whether to buy or sell stocks are purely economic [17] . In classical health diagnoses [2] , doctors can take as long as they need to find out a solution matching patients' symptoms and analyzed parameters. Other problems, like choosing the best means of transport [11] to make a trip does not involve any time or economic loss requirements. Decisions in emergency situations are hard decisions that must be made quickly because their consequences could be catastrophic. Emergency situations are sudden, urgent, usually unexpected incidents requiring immediate action which often involve danger. DM in emergency situations is an interesting field of study because the stress exerted on decision makers does not allow them to think clearly and make optimal decisions, so an automatic system would aid them keep security levels. Systems that help a decision maker make better decisions providing assistance for specific decision making tasks are called Decision Support Systems (DSS), which were first coined by [6] , [12] . There are a lot of situations that can be classified into emergencies but there is scarce literature about managing these situations from a computational point of view. Emergency management of nuclear accidents using a DSS is presented in [8] . Another DSS described in [1] aids strategic planning and policy making for disaster mitigation. Concretely, it is designed for earthquake scenarios, estimating the extent of human losses and injuries.
An important feature of making a decision in whichever context is the uncertainty produced by a lack of information about the decisions and their consequences. In order to model uncertainty, there are different parametric methods for making a decision [5] . These methods can help a decision maker find out an optimal decision in a short period of time by minimizing stress. On the one hand, there are methods from the Probability Theory which represent DM problems using influence diagrams [9] . On the other hand, there are methods from the Possibility Theory which are based on fuzzy logic and fuzzy sets [18] . The Probability Theory provides a quantitative description of the likelihood of a particular event. The Possibility Theory manages events that belong to fuzzy sets with a certain degree of membership. DM methods based on possibility measures allow to formalize uncertain, imprecise concepts inherent in decision making problems. This paper deals with a methodology to represent the domain knowledge and automatically making a decision in emergency situations. Due to the novelty of the application domain and the lack of real computational systems for it, a comparative study of both possibility and probability DM methods is carried out in order to choose the method that performs the best when the DSS manages a fire that starts in the ground floor of a building. This is a very common emergency that implies a decrease in the security of the building and its occupants. The main menaces for building occupants are smoke and toxic gases as well as heat and flames [4] . Because of the security decrease, the objectives that the different possible decisions must fulfill are maximizing different levels of safety so that the building can restore security after the emergency. The hybrid nature of the methodology is supported by the combination of the problem representation, based on the possibility theory, with the methods inferring decisions, based on the possibility theory as well as the probability theory.
DSS knowledge base for an emergency
A DSS needs a knowledge base containing the criteria or parameters of the emergency and the way to automatically tackle it. In order to make an optimal decision, the alternatives available to maximize security have to be compared by evaluating the way the alternatives modify the criteria to fulfill the objectives. These criteria are security features of the environment and, depending on the selected alternative, their values at the beginning of the emergency can be modified through the environmental changes associated to the alternative. In the simple fire emergency discussed in this paper, three criteria are considered: 'Cost', which is the cost that the fire could cause in economic terms; 'Spread', which describes the fire spread and it decreases as the control over the fire is increased; and 'Risk', which represents the level of risk that may be reached by the building occupants.
In order to represent the environmental model and the expert knowledge about the criteria involved in an emergency situation, an artificial weighted net of concepts has been generated. This net provides an intuitive way to describe the properties associated to a certain emergency and their relations. A net concept stands for a criterion or an event whose value may depend on the values of other different events. If concept A depends on concept B they are associated by adding a directed connection from B to A. The association weights between net concepts are considered here as a level of influence of the origin concept on the end concept.
The setting of the correct net concepts, their connections as well as the association weights has to be carried out by a knowledge engineering process that allows to translate the expert knowledge into the conceptual net. For instance, the following piece of domain knowledge could be represented as shown in Figure 1 : the toxicity of a fire is calculated using the amount of smoke released that on its part depends, among other things, on the speed of fire spread and the material which is burning. The criterion called 'Risk' is dependant to a greater extent on the toxicity of the fire than on the heat. The values of the parameters that contribute to the criteria can be obtained from sensors or online measurements (Heat), data bases (Material) or computed by different procedures (Speed).
This net of concepts can be seen as Bayesian network since it is a way to represent causal knowledge [14] which does not include decision nodes and so it can not be used to infer their values. There are several actions for controlling fire [13] but, for the sake of simplicity, this paper considers only two of them: evacuating people or extinguishing the fire by using local resources. The alternatives shall be associated to these actions and, besides their own operative procedure, they could include deterministic actions, i.e., advice to firemen and police, but this issue is out of the scope of this paper. So, the alternatives here considered are three: evacuating building occupants, extinguishing the fire using a fire extinguisher or extinguishing the fire using a sprinkler system. The 'Evacuate' alternative will decrease the 'Risk' criterion very much, but it will keep unchangeable the 'Cost' and the 'Spread' criteria. Each alternative can satisfy different objectives that express the desirable value the criteria must take. The alternative that fulfils the objectives will be the best.
Given a decision, it is difficult to predict how the environment will evolve and how any decision would affect the environment, i.e. what consequences would be produced over the environment and hence, over the values of the criteria. This evolution of the environmental conditions must be also included in the knowledge base. In the example presented in this paper, this knowledge has been represented by functions that symbolize how each alternative modifies the current values of criteria as shown in Table 1 for the 'Cost' and 'Risk' criteria. 
Because each alternative satisfies different objectives, the best alternative for solving each emergency problem depends on the objectives and their preference order, both of them determined by the decision maker. The objective handled in the fire emergency is minimizing the values of each criterion. The predicted values of each criterion after applying the evolution functions are weighted by their corresponding preference.
DSS methods for evaluating alternatives
The form of processing all the information and data coming from the environment differs from one DM method to another. The next sections present the three methods introduced in Section 1.
General fuzzy method
The general fuzzy method [16] triplet (a 1 , a 2 , a 3 ) where a 1 is the minimum possible value of a criterion, a 2 is the most possible value and a 3 is the maximum possible value. Accordingly, the values calculated for each criterion from the concept net are modified depending on its evolution function and transformed into triangular fuzzy numbers. Fuzzy sets used by the fuzzy methods are built from expert knowledge. For instance, as shown in Figure 2 , for the fire emergency, if the value predicted by the evolution function of an alternative for the 'Risk' criterion is 0.25, then its final value is transformed into the fuzzy number (0.1, 0.25, 0.6) using the corresponding fuzzy set. Since the value is 0.25, the degree of membership of the 'Low' set (0.17) is shorter than of the 'Medium' set (0.75). Therefore, the anchors of the 'Medium' set (0.1 and 0.6) are chosen as the triplet's bounds. Once these fuzzy numbers have been calculated, the method uses the vertex method [3] to calculate the performance of each alternative with regard to ideal solutions. The most preferred alternative must have the shortest distance from the positive ideal solution and the longest distance from the negative ideal solution.
Fuzzy method based on eigenvector
This method uses trapezoidal fuzzy numbers that are represented by four terms. A trapezoidal fuzzy number ã is defined by a quartet (a 1 , a 2 , a 3 , a 4 ) whose meaning is similar to triangular fuzzy numbers. Notice that if a 2 =a 3 then ã is a triangular fuzzy number. First of all, the method constructs a matrix where rows are alternatives and columns are criteria. Each matrix cell contains a trapezoidal fuzzy number that is the value of an alternative with respect to a criterion. This matrix is called fuzzy attribute evaluation matrix. Once the matrix is constructed, the method computes a centrally normalized matrix from the first one and then transforms it into a symmetry matrix, regarding to covariance definition of random variables. Finally, the method determines the eigenvectors of the last matrix which are used as the alternatives' performance. Thus, the eigenvector contains a value for each alternative and the most preferred alternative must have the highest value. The details of this method are widely described in [7] .
Influence diagrams
This method needs a utility function that measures the fitness of any possible decision outcome. In order to compute the best decision, it is necessary to combine the utility function with knowledge of how the decisions affect outcomes, i.e. the subjective probability. The expected utility is obtained by equation (1) and it represents the alternatives' performance. Therefore, the most preferred alternative is defined as the one that will maximize the expected utility (for more details on utility theory see [15] ). If the criterion is a benefit one, then its utility is calculated using equation (2) . If it is a cost criterion, then its utility is calculated using equation (3), where X represents the value of such criterion.
The method based on influence diagrams needs to assign to all possible outcomes their corresponding probabilities and to define the utility functions using expert knowledge.
Updating the concept net
When an emergency is detected, the DSS evaluates the environment so the values of the parameters contained in the weighted net are automatically updated. Then, the net calculates the values of the different criteria. At this point, before the DSS applies the DM methods for computing the score of each alternative, it calculates the criteria's evolution and transforms the resulting discrete values into triplets using fuzzy sets, as described in Section 3.1 and shown in Figure 3 . Once the DSS has obtained these values, it builds a representation of the problem suitable for applying the corresponding DM method as described in Figure 4 . If it uses the general fuzzy method, then the possible values are organized in triplets. If it uses the eigenvector, then the most possible value is duplicated in order to construct trapezoidal fuzzy numbers. The possible outcomes of a decision are calculated from the fuzzy triplet (max, most, min). Although this fuzzy transformation belongs to the Possibility Theory, it can be used to obtain a discrete value of a criterion from its continuous one, making the management of the problem homogeneous for the three methods. After that, every criterion has three possible values so there are twenty seven possible outcomes (combination of the three values of the three criteria) for the decision making method using influence diagrams. This issue gives a hybrid nature to this method.
Empirical evaluation
The experiment performed consists in the evaluation of the three methods exposed above on seven different situations where the fire emergency is the same but the decision maker preferences change. Every situation uses the same emergency environment in which the values computed by the weighted net for the 'Cost', 'Spread' and 'Risk' criteria are 0.4, 0.6 and 0.6, respectively. The values of each criterion regarding each alternative are modified depending on evolution functions. When dealing with influence diagrams, the probability assigned to a criterion that has the minimum or maximum possible value is 0.2 and the probability for a criterion that has the most possible value is 0.6. Table 2 shows the empirical results obtained, where the preferences are shown in the second column, and they represent the order for fulfilling the objective of minimizing the 'Cost', 'Spread' and 'Risk' criteria. The remaining columns contain the ranking of the alternatives using the different DM methods, which are ordered according to their score. Boldface indicates the best alternative. There are some interesting remarks about Table 2 . The first one is that both fuzzy methods rank better 'Sprinkler' than the other two alternatives in all situations. This result does not seem to be realistic because the preferences are different. However, the fuzzy general method is more reliable than the fuzzy method based on eigenvector because in the two situations where 'Risk' is the most preferred criterion, i.e. the main goal is to minimize 'Risk' that has a preference of 0.5, 'Evacuate' has a higher score than 'Extinguisher' (see rows 5 and 7 in Table 2 ). This last alternative should be the most appropriate one when 'Risk' is the most important criterion because it decreases 'Risk' very much. The last remark is that influence diagrams model the preferences better than the other two methods. This assessment is derived from the situations where 'Risk' is the most important criterion. In these situations, influence diagrams place 'Evacuate' with the best score, which must be the most suitable alternative. In contrast, the fuzzy method is faster than the Influence Diagram method because the fuzzy method needs less calculations for each decision, although the difference is worthless. Summarizing, the method based on influence diagrams seems to be the most appropriate one for the problem presented in this paper because the best ranked alternative obtained by this method complies with the preferences better than the other methods.
According to these empirical results, the DSS for fire emergency should be implemented using the method based on influence diagrams which seems to be the most suitable for the fire emergency providing a worthy outcome.
Despite of the efficiency and the comprehensible way to express the expert knowledge of the methods based on possibility and the fact that influence diagrams need a greater amount of expert knowledge, influence diagrams make a better decision in the emergency situation considered here regarding the preferences of the decision maker.
Conclusions
The methodology presented in this paper allows to design and develop decision support systems for emergency. This DSS can help a decision maker find out a suitable decision in a short period of time maximizing security and minimizing stress by automatically analyzing all relevant information and pointing out the best alternative. In these situations, the decision maker cannot afford the large amount of data that must be considered and the DSS aids him/her in finding out a decision. Decision makers find very difficult to trust in systems which have strange or unintelligible operating ways. The proposed methodology provides a comprehensible supervision for systematic thinking in emergency situations.
In order to build an effective and useful DSS, it must contain a complete and consistent knowledge base representing the main features of an emergency situation, involving net weights, and the interaction between alternatives and the environment, including evolution functions. This knowledge base is a valuable structure to make a decision and it has to be collected carefully in order to model the problem as real as possible. In the fire emergency, a greater number of well defined alternatives could be added to the knowledge base in order to concrete details about what extinguisher is the best one to use and where it is, or how people should be evacuated and the best path to do that. Emergency DSSs are almost impossible to prove in real situations because emergencies are sudden incidents and they are very difficult to predict. Therefore, the only way to check whether it works well is doing simulations of hypothetic emergency situations. A history of emergency situations would be a very valuable source to compute the weights of the net and the decision maker preferences. Using a historical data base, it would make possible to check whether the DSS can learn from past mistakes comparing the results obtained by the DSS and the ones obtained by well trained experts, for instance, firemen. Using this expert knowledge it would be possible to invert the decision problem to infer which priors, likelihoods and utility functions firemen used to make their decisions [10] .
